precipitates from granules in aggregated (Ga) or diswhether they interact with molecular motors to regupersed (Gd) states showed no immunoreactivity with late the granule movement throughout the cytoplasm.
, a subWe found that purified pigment granules contain PKA unit of dynactin. Immunoprecipitates from both types and scaffolding proteins and that PKA associates with of granules also contained RII␣, thus indicating that dypigment granules in cells. Furthermore, we found that nein on pigment granules most likely forms a complex the PKA regulatory subunit forms two separate comwith PKA ( Figure 2A) . Similarly, kinesin antibody immuplexes, one with cytoplasmic dynein ("aggregation comnoprecipitate from pigment granules contained myosin plex") and one with kinesin II and myosin V ("dispersion V, p150
Glued
, and RII␣, but no dynein ( Figure 2B ). Both complex"), and that the removal of PKA from granules immunoprecipitates apparently maintained their integcauses dissociation of dynein and disruption of dyneinrity in the presence of 10 mM cAMP (data not shown). dependent pigment aggregation. We conclude that cytoThus, dynein and myosin V/kinesin II appear to form plasmic organelles contain protein complexes that inseparate complexes with RII␣ on pigment granules.
clude motor proteins and signaling molecules involved
In agreement with these results, immunoprecipitate in different components of intracellular transport. We with myosin V antibody also contained both RII␣ and propose to call such complexes 'regulated motor p150 Glued but no dynein ( Figure 2C, left) . However, conunits' (RMU).
trary to expectations, no kinesin II was found in the myosin V coimmunoprecipitate. This may be explained Results and Discussion by the competition between the antibody and kinesin for binding to the myosin V heavy chain. To test whether In melanophores, transport of pigment granules throughthe lack of kinesin II in myosin V immunoprecipitate is out the cytoplasm is mediated by molecular motors, cytoindeed due to the antibody-related interference, we plasmic dynein (pigment aggregation) [5] , and kinesin II used a recombinant fragment of myosin V, in which the [6] and myosin V (pigment dispersion) [7] , and is regu-N-terminal myosin motor domain was replaced by GST lated by PKA (see [4] for review). Regulation by PKA ("headless myosin"), precipitated with anti-GST antiusually involves localization of the PKA regulatory combody. Such precipitates contained kinesin II but no dyplex in direct proximity to its substrates (see [8] for nein ( Figure 2C, right) , further confirming the existence review). To test whether PKA is associated with pigment of two separate complexes in pigment granule extracts, granules, we probed the preparation of granules and granone containing dynein, the other containing kinesin II ule-free supernatants from aggregated or dispersed cells and myosin V. with antibodies to the PKA regulatory subunit RII␣, and
To confirm this result, we tested whether motor prowe transfected Xenopus melanophores, treated to reteins interact with RII␣ by performing a pull-down assay duce the amount of melanin in pigment granules (as of proteins from pigment granule extracts with cAMPagarose beads ( Figure 2D ). Incubating granule proteins Figure 3A) . Therefore, RII␣ is indeed associated with pigment granules via AKAP. To find out the role of AKAP-RII␣ interaction in the motor-mediated pigment transport, we perturbed the interaction of RII␣ with AKAP by either injecting cells with synthetic peptide Ht31 or transfecting them with a truncated GFP-tagged RII␣ construct containing the dimerization and AKAP binding domain (aa 1-129) [11] but lacking the C-terminal cAMP binding domain. To our surprise, both treatments had an effect on pigment transport opposite to the effect of PKA inhibition. Instead of activating, these treatments partially blocked pigment aggregation (Figures 3B and 3C) . Particle-tracking analysis demonstrated that the average length of dynein-dependent MT minus-end runs reduced from 470 Ϯ 44 nm to 272 Ϯ 28 n, whereas the average length of kinesin II-dependent plus-end runs did not change significantly (143 Ϯ 15 nm in control versus 108 Ϯ 12 nm upon RII␣ removal). Control treatments (injection of Ht31p peptide or transfection of the full-length RII␣ subunit) had no effect on either pigment aggregation or pigment dispersion. Therefore, removing RII␣ from granules primarily inhibits dynein-dependent pigment 
